Thyrocyte expression of HLA class I and class II antigens and related accessory molecules would convert these epithelial cells into functional antigenpresenting cells. Here we show that whereas normal thyrocytes express FcRn, Graves' disease thyrocytes also express Fc␥RIIB2. We further find that expression of Fc␥RIIB2, but not FcRn, is repressed by dihydrotestosterone. By mediating the uptake and transport of autoantibodies, we suggest that these IgG 
Autoimmune diseases (AID) occur when the immune system turns against the body and targets some of its organs, tissues, and cells for destruction. As AID affect millions of individuals worldwide, intense study of these diseases and the underlying mechanisms has been carried out during the past two decades (1) . However, the mechanisms involved in AID remain a matter of debate, notably the alternate role of the immune system and the targeted organ in the onset and progression of the disease. The current view of AID is that they all develop from common mechanisms involving genetic predisposition, environmental factors, and immune dysregulation (2) . Therefore, a detailed understanding of any one of the different AID will provide insight into all the others, leading to establishment of unifying mechanisms. This view is heuristically alluring but finds some limitation in the sex dependence of AID known to vary widely from Sjogren's syndrome and autoimmune thyroid diseases (AITD) to diabetes mellitus (1) .
AITD are regarded as prototypes of AID and cumulate irrefutable advantages for the study of the events leading to autoimmunity. These include the tissue accessibility from surgery and therefore the possibility to purify thyroid autoantigens such as thyroglobulin (Tg) and thyroperoxidase (TPO), the existence of several thyroid human disease types and experimental models, and the availability of a large body of clinical and experimental data in the literature (3) . Thyrocytes were initially shown to express human leukocyte antigen (HLA) DR molecules (4) and to present antigen to T cells (5) . They were further found to overexpress HLA class I molecules and associated molecules such as the transporter associated with antigen processing (6), the latent membrane proteins (LMP) -2 and LMP-7 (7) in AITD, and, more recently, to express the invariant chain that associates with HLA class II molecules in the endoplasmic reticulum and HLA-DM (8) . These findings were suggestive of thyrocytes being directly involved in antigen presentation and in the onset and/or progression of AITD. We recently provided additional evidence to support this hypothesis by showing that Tg is fragmented into several immunoreactive peptides during hormone synthesis (9) , and that the smaller of them binds and enters human cultured thyrocytes (10) . This peptide contains a pathogenic T cell epitope whose production is enhanced by the internalization of Tg-bound monoclonal antibody complexes through a membrane Fc receptor (FcR) (11) .
Professional antigen-presenting cells such as macrophages and dendritic cells express various FcR involved in their biological responses (12) . Antigen-antibody complexes are known to influence the immune response and facilitate generation of cryptic T cell epitopes through internalization via FcR (13, 14) . Expression of IgG FcR in splenic macrophages is decreased by androgens (15) and increased with estrogens (16), suggesting a balanced role for sex steroids in the immune system. To further elucidate the putative role of thyrocytes in antigen processing and presentation, we investigated the expression of IgG FcR on normal and pathological human thyrocytes and their regulation by steroid hormones. We show that depending of the physiopathological status of the gland, thyrocytes express Fc␥RIIB2 in addition to FcRn and that during Graves' disease (GD), expression of Fc␥RIIB2 is regulated by androgen. These results provide a molecular clue for sex dependence of AITD and may have relevance to the reciprocal role of the immune system and the target organ in AID.
MATERIALS AND METHODS

Primary culture of human thyrocytes
Primary cell cultures were prepared as described by Rasmussen et al. (17) . The tissue was minced into small fragments. The tissue fragments were washed in Coon's modification of Ham's F-12 medium (Sigma, St. Louis, MO) containing 2.6 g/L sodium carbonate (Merck & Co., Darmstadt, Germany), penicillin/streptomycin (100 g/mL) (Life Technologies, Grand Island, NY), and kanamycin (100 g/mL) (Life Technologies). To separate the epithelial cells from the connective tissue, the fragments were digested by collagenase I (1 mg/mL) (Life Technologies) and dispase II (2.4 U/mL) (Boehringer-Mannheim, Meylan, France) in a calcium-and magnesium-free phosphate-buffered saline (PBS), pH 7.4 at 37°C for 15 min. The enzymatic digestion was repeated for 60 min with fresh enzyme mixture. The digested tissue was filtered through sterile gauze. Medium was added and the cells were washed by successive centrifugations at 100 g for 5 min. Finally, the cells were pooled and counted with a Malassez cell. The cells were then seeded to a density of 2 ϫ 10 6 cells per 250 mL Falcon tissue culture flask (75 cm 2 ; Becton Dickinson, Franklin Lakes, NJ) in a final volume of 20 mL of the initial medium supplemented with 5% fetal calf serum (Valbiotech, Paris, France) in the presence of bovine thyroid-stimulating hormone, 1 U/L (Sigma) to maintain the thyrocytes in a stimulating environment and five nutritionals: human insulin, 10 mg/L (Boehringer); somatostatin, 10 g/L (Novabiochem, Läufelfingen, Switzerland); human transferrin, 6 mg/L (Boehringer); hydrocortisone, 10 Ϫ8 M (Calbiochem, La Jolla, CA); and glycyl-histidyl-lysine acetate, 10 g/L (Calbiochem). The culture medium also contained l-glutamine (2 mmol/L) (Life Technologies) and nonessential amino acids (ICN Pharmaceuticals, Costa Mesa, CA). The cells were cultured at 37°C in a humidified air atmosphere containing 5% CO 2 .
After overnight growth, cells were incubated in the absence or presence of 17-␤ estradiol or dihydrotestosterone (DHT) (Fluka, Buchs, Switzerland). The concentration of 17-␤ estradiol and DHT ranged from 10 Ϫ9 M to 10 Ϫ6 M in the medium. To block the DHT effect, cells were cultured in the presence of DHT 10 Ϫ6 M with equal or 10-fold concentration of flutamide (Sigma). DHT, 17-␤ estradiol, and flutamide were dissolved in ethanol to a final ethanol concentration of 0.01%. The same ethanol concentration was added to control medium.
Immunofluorescence
For direct staining, cells grown on coverslips were washed with PBS at pH 6 or 7.4 containing 0.9 mM CaCl 2 and 0.9 mM MgCl 2 (PBSϩ) and fixed for 2 min with cold acetonemethanol (1:1). Cells were incubated for 60 min with the first antibody (3 g/mL TPO mAb 47 (18) or 10 g/mL of Fab fragments of anti-Fc␥RII mAb; Medarex, Princeton, NJ), washed six times with PBSϩ, then incubated with a labeled secondary antibody. To monitor the internalization of IgG, cells were washed with PBSϩ and incubated for 60 min at 37°C in the presence of 10 g/mL of soluble or heat aggregated (30 min, 56°C) human IgG (Sigma) in medium supplemented with 0.5% bovine serum albumin, adjusted to either pH 6 or 7.4. Cells were then transferred on ice, washed with PBSϩ, fixed, and internalized IgG were detected with labeled secondary antibodies (Jackson, West Grove, PA). Stained cells were mounted in Mowiol (Calbiochem) and viewed in a Zeiss Axiophot fluorescence microscope using a 63ϫ oil immersion lens. Pictures were acquired with a Color Cool View camera (Photonic Science) equipped with the Image Pro Plus software (v3.0; Media Cybernetic). Photoshop software (v5.02; Adobe System Inc.) was used for image editing.
IgG-agarose precipitation and Western blot analysis
Cells were lysed in 5 mg/mL 3-[(3-cholamidopropyl)-dimethylammonio]-1-propanesulfonate in 50 mM phosphate buffer adjusted to either pH 6 or 7.4 (lysis buffer). Total proteins (1 mg) from thyrocytes and 0.2 mg of total proteins from Madin-Darby canine kidney (MDCK) cells transfected with the FcRn were incubated with 25 L of IgG agarose (ϳ10 mg IgG/mL agarose slurry) in lysis buffer pH 6 or 7.4 at 4°C for 12 h. The IgG agarose was washed three times with lysis buffer, pH 6 or 7.4, and bound proteins were eluted by boiling in sample buffer and analyzed by SDS-PAGE (10% acrylamide) in nonreducing conditions. For Western blot analysis, proteins were transferred to nitrocellulose and probed with a 1:200 dilution of polyclonal rabbit anti-FcRn peptide serum.
Reverse transcription-polymerase chain reaction (RT-PCR)
Total cellular RNA was prepared using a RNEasy Midi Kit (Quiagen, Hilden, Germany) according to the manufacturer's protocol. The integrity of the RNA was confirmed by electrophoresis in denaturing 1.5% agarose gels. RT-PCR was performed using 1 g of total RNA, the primers listed in Table 1 and the Titan One Tube RT-PCR System (Boehringer-Mannheim) according to the manufacturer's instructions. PCR products were analyzed by electrophoresis on 2% agarose gels and ligated into the pCRblunt vector (Invitrogen, Groningen, The Netherlands) for sequencing.
RESULTS
Characterization of thyroid cells
Normal thyroid tissue specimens were obtained from para-adenomatous tissues of 10 patients with macrofol-licular nontoxic adenomas based on histopathological examination at thyroidectomy. Autoimmune thyroid tissues were from seven patients undergoing thyroidectomy for GD previously treated by anti-thyroid drugs for 16 -20 months. At least 2 wk before the operation, no patient was treated with drugs known to influence the thyroid gland. Each patient's tissue was used to derive a single primary culture of thyrocytes as described in Materials and Methods. After 8 -10 days of culture, we obtained a confluent thyroid cell layer that homogeneously stained for TPO monoclonal antibody by immunofluorescence (Fig. 1) .
Thyrocyte expression of IgG FcR
The expression of IgG FcR was investigated in 10 normal and 7 GD primary cultures of thyrocytes using RT-PCR. Total RNA was prepared from each primary culture and RT-PCR was performed with specific primers for FcRn, Fc␥R I, II, and III (Table 1) . Positive controls were performed with the monocyte cell line U937 for Fc␥RI, II and III (19) and with transfected MDCK cells for FcRn (20) (data not shown). RT-PCR products were obtained from RNA of normal and GD thyrocytes with the FcRn primers (Fig. 2a) and sequencing confirmed that the PCR product encoded FcRn. Fc␥RII-specific primers yielded a PCR product only for RNA from GD thyrocytes (Fig. 2a) and sequencing determined its identity as the Fc␥RIIB2 isoform. Primers for the others IgG FcR yielded no PCR product from either normal or GD thyrocytes. Primers for the Von Willebrand factor, a specific marker for endothelial cells, showed no RT-PCR product for both normal and GD thyrocytes (Fig. 2a) , ruling out a contamination of the thyrocytes with endothelial cells. As expected, fibroblasts from parathyroid tissues did not express IgG FcR transcripts (not shown), further confirming the specificity of the detection of IgG FcR transcripts in thyrocytes. Expression of FcRn by normal and GD thyrocytes was confirmed at the protein level by mixing cell lysates with IgG agarose at pH 6 or 7.4 and analyzing precipitates by SDS-PAGE and Western blot using an FcRn antiserum (21) . A 42 kDa protein was detected when cell lysates were precipitated with IgG agarose at pH 6 but not at pH 7.4 (Fig. 2b) , consistent with the known pH dependence of IgG binding by FcRn. The 42 kDa thyrocyte protein comigrated with FcRn from transfected MDCK cells and showed the same IgG binding properties (Fig. 2b) . FcRn was present in normal and, in smaller amounts, in GD cells. Since there are no antibodies to Fc␥RIIB2 suitable for immunoblotting, we confirmed the expression of Fc␥RIIB2 by GD and its absence in normal thyrocytes at the protein level by indirect immunofluorescence on fixed cells using F(ab) 2 fragment of a specific manufactured monoclonal antibody (Fig. 2c) .
Functional activity of the IgG FcR
To determine whether thyrocytes were able to internalize IgG, we used cells cultured for 4 days, reaching 80% confluence. The cells were incubated at a pH of 6 or 7.4 for 60 min at 37°C in the presence of soluble or aggregated human IgG. Normal and, to a lesser extent, GD thyrocytes internalized soluble but not aggregated IgG at pH 6 (Fig. 3) . In contrast, at pH 7.4, aggregated IgG were internalized by GD but not normal thyrocytes (Fig. 3) . In GD thyrocytes, aggregated IgG were delivered to distinct vacuolar compartments reminiscent of lysosomes (Fig. 3) . The FcR-mediated uptake of IgG into thyrocytes is ascertained by the low concentration (10 g/mL) of IgG used in the experiment and by the differences observed in the immunofluorescent patterns shown in Fig. 3 .
Effect of sex hormones on IgG FcR expression
We assessed the effect of DHT and 17-␤ estradiol on IgG FcR expression by thyrocytes using RT-PCR. In GD thyrocytes, DHT led to a gradual decrease in Fc␥RIIB2 expression at doses ranging from 10 Ϫ9 to 10 Ϫ6 M whereas17-␤ estradiol did not (Fig. 4a) . Both sex hormones had no effect on FcRn expression in normal (not shown) and GD thyrocytes (Fig. 4b) . Primers for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (22) were used to show that similar amounts of RNA were used in the RT-PCR (Fig. 4c) . Flutamide, an anti-androgen that counteracts exogenous androgens in castrated animals (23), abrogated the DHT-mediated decrease of Fc␥RBII expression in thyrocytes in vitro (Fig. 4d) , confirming that the repression was specifically mediated by the androgen.
DISCUSSION
Here we show for the first time that thyrocytes express two types of functional IgG FcR: FcRn and Fc␥RIIB2. FcRn, homologous to HLA class I, mediates the transport of IgG across epithelial barriers such as the intestine or the placental syncytiotrophoblast; this receptor binds IgG at a mildly acidic (pH 6) but not at neutral to basic pH (24) . Three types of IgG FcR (Fc␥RI to III) belong to the immunoglobulin superfamily (25) and mediate functions on immune cells as diverse as antibody-dependent cell cytotoxicity, endocytosis, and phagocytosis of IgG-coated antigens, release of inflammatory mediators, and regulation of lymphocyte proliferation and differentiation (12) . Whereas a pH-dependent internalization of IgG is characteristic of FcRn, a preferential binding of aggregated vs. soluble IgG is typical for Fc␥RII. IgG complexes taken up by Fc␥RII are delivered to lysosomes (26) whereas ligands internalized via FcRn are not (27) . The IgG internalization data we obtained for thyrocytes are thus consistent with an expression of FcRn in normal thyrocytes and Fc␥RII in GD cells. FcRn is implicated in transcytosis of IgG across several epithelia as well as in the rescue of IgG from lysosomal degradation; it binds IgG on the cell surface when exposed to an acidic compartment (intestine) or in the acidic environment of endosomes after uptake of ligand internalized in the fluid phase (placenta, yolk sac) (24) . TPO aAb (mostly IgG) have been detected in cytoplasmic vesicles and on the apical surface of thyroid cells, suggesting they are taken up by thyrocytes to reach their antigen (28, 29) . Considering the follicular organization of the polarized thyrocytes with their apical side facing the enclosed colloidal space, it is unclear how in vivo IgG gain access to TPO, a membrane enzyme acting at the apical surface of thyrocytes. Although FcRn can transcytose in the basolateral to apical or, conversely, in the apical to basolateral directions (20) in vivo, the net transport of IgG has so far been observed only in the lumenal to the serosal direction (27) . In liver, kidney, and mammary glands, FcRn is in contact with IgG on the serosal side but it does not transfer IgG to the lumen, suggesting that in these tissues the function of FcRn is restricted to the recycling of IgG (30) . However, FcRn-mediated basolateral to apical transport of aAb in thyrocytes can not a priori be excluded since the intracellular transport of proteins in thyrocytes can differ from that in others epithelial cells (31) . Alternatively, the normal function of FcRn in thyrocytes may be to recycle IgG internalized from the basal side. Recycling could be affected in AITD, leading to an alteration of the intracellular traffic of FcRn or retention of IgG in endosomes, which in turn could allow aAb to reach the apical compartment.
On monocytes and macrophages, Fc␥RIIB2 mediates the internalization and lysosomal degradation of IgGantigen complexes (24) . By facilitating uptake and lysosomal delivery, and thus proteolytic processing of antigen (32) , Fc␥RIIB2 was shown to increase the efficiency of antigen bound to IgG to be presented by HLA class II (33) . Intriguingly, the expression of HLA class II and accessory molecules required for antigen presentation is induced in thyrocytes in the course of GD (8) . Although direct evidence for antigen presentation by GD thyrocytes has not been described (34) , it is tempting to speculate that the expression of Fc␥RIIB2 on GD thyrocytes allows these cells to present autoantigen in HLA class II context.
Clinicians have long observed that AITD as well as other AID occur preferentially in women. Most of the evidence that human autoimmune response differs between males and females has been gathered from studies of animals. For example, androgens were found to prevent disease in experimental autoimmune encephalomyelitis (35) and thyroiditis (36) . Sex hormones act on the immune systems, modulating antigen presentation, lymphocyte activation, and cytokine production (37, 38) , but the molecular mechanism that supports their effect is still unknown. Metabolites of injected testosterone were found in thyrocytes of castrated-adrenalectomized male baboons, consistent with a direct action of androgen on the thyroid (39). Here we found that DHT down-regulated Fc␥RIIB2 expression on GD thyrocytes. This finding strengthens the idea of direct involvement of thyrocytes in autoimmune induction and provides the first clue to explain the sex dependence of AITD at the molecular level. More generally, our finding raises the prospect of a link between the role of the target organ in the autoimmune process and the sex dependence of AID.
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